A rapid, simple assay method has been developed for antiviral antibodies. The technique has been applied to antisera, immune y-globulins, and immunospecifically purified antibody for two strains of influenza virus, Asian 305 and PR8, and to antisera to tobacco mosaic virus. Turbidity changes due to the specific interaction of a virus with its antibody were measured by the increase in optical density in a sensitive wavelength region, e.g., 436 nm. Successful application of the method required that nonspecific effects which give rise to turbidity changes be eliminated. This was accomplished by proper choice of ionic strength (0.3 M) and pH (5.5), and by the addition of normal serum or serum albumin to the virus before contact with the antibody. Sensitivity of the method allowed quantitation of antibody down to the level of 10 ,ug of antibody protein per ml. The specificity of the reaction causing the turbidity change was established by experiments which showed that precipitation of virus-antibody complexes removed the reactive component in the serum, and by the absence of turbidity changes for nonspecific pairs (virus plus unrelated antisera).
tively characterized by several classical methods (2) . These include the neutralization of viral activity by antibody, the inhibition of the agglutination produced by hemagglutinating viruses, complement fixation, and the quantitative precipitin test. Precipitates in the quantitative test are detectable in submicrogram quantities by fluorometric determination (8) . Immuno-osmophoresis (9) probably also could be employed for semiquantitative determinations. Although most of the methods enumerated above are highly sensitive, they are somewhat time-consuming and may require labile accessory reagents such as erythrocytes, complement components, or tissue cultures.
A light-scattering study (1) of the interaction of antibody with tobacco mosaic virus (TMV) and with tomato bushy stunt virus has been reported, but the results were not interpreted in terms of antibody assay procedures. In addition, the conditions of reaction were not suitable for the study of influenza viruses.
TIhis paper describes a rapid quantitative method for measuring anti-influenza antibody, using only virus, antibody, and normal serum as the reagents. The method is based upon the change in optical density (OD) due to light scattering which arises from the aggregation of the virus particles by the specific reaction with antibody. Conditions have been found to eliminate or largely suppress nonspecific reactions between the virus and serum proteins.
MATERIALS AND METHODS Viruses. Two influenza virus strains were used: (i) formaldehyde-treated Asian 305, prepared by B. A. Rubin, Wyeth Laboratories (Philadelphia, Pa.), and obtained through collaboration with Cordis Laboratories (Miami, Fla.); and (ii) live PR8, obtained from Eli Lilly and Co. (Indianapolis, Ind.) through the courtesy of Richard Lerner. Both viruses were propagated in the allantoic sacs of chick embryos, and concentrated and purified by high-speed centrifugation. Tests for the absence of allantoic protein in the Asian 305 preparation are shown in Fig. 10 . The PR8 virus was purified by zonal centrifugation.
The influenza virus suspensions as received were centrifuged at 68,000 X g for 14 hr, and the resulting pellets were resuspended in the desired buffer.
The Asian 305 virus contained about 1.6 mg of virus/ ml, as determined by Kjeldahl nitrogen analysis, assuming that the virus is 10% N. The hemagglutination titer of this virus was 1: 1,280. The PR8 virus contained about 1.5 mg/ml, as determined by OD2eo and OD2so, assuming the extinction coefficient to be the same for both viruses.
TMV, obtained from H. Fraenkel-Conrat, University of California at Berkeley, was used as a suspension in water (7.2 mg/ml).
Antisera. Antisera to Asian 305 influenza virus were prepared by Cordis Laboratories by immunizing rabbits with a series of three once-weekly intradermal injections of the virus in complete Freund's adjuvant. 2 weeks after the last immunization, and continued at monthly intervals. After each booster dose, sample bleedings were obtained 1 and 2 weeks after the injection. Antibody titers were followed by immuno-osmophoresis (8) and by inhibition of hemagglutination (6) equivalent to about 80,g) was rapidly added and stirred. The OD436 was measured at short intervals beginning 5 to 10 sec after mixing; readings continued for at least 250 sec. Virus blanks were obtained by reading OD436 for solutions containing all components except the antiserum; serum blanks were obtained by reading 0D436 for solutions containing all components except the virus. The sum of the virus blank and the serum blank was subtracted from the OD436 of the reaction mixture to give AOD436. Tests on prestabilized virus to measure antibody reaction. From 50 to 100,liters of virus (-80 to 160 jug) was added to 2 ml of buffer containing 0.3 M NaCl and 0.2 ml of normal serum. The solution was mixed with a footed Teflon rod. When no further changes in OD436 were noted, 10 to 100 lAiters of the serum or antibody fraction to be assayed was added. OD436 readings were recorded at specified intervals after mixing. Virus and serum blanks were subtracted as described above. RESULTS Turbidity changes (AOD436) which occurred upon mixing Asian 305 virus with immune serum or with immunospecifically purified antibody, together with controls with normal serum, are shown in Fig. 1 Table 2 .
Test conditions were selected to minimize the nonspecific reaction between virus and normal 75 serum or normal y-globulin, which could also cause turbidity changes (Fig. 4-6 ). For the Asian 305 virus system, the nonspecific reaction was 5,0 minimal at pH 5.5 and 0.3 M NaCl, a small nega-5 tive AOD being observed with n-serum (Fig. 4) (Fig. 9) . The active substance could be uliters of Asian 305 virus (--160 ug) was stabilized by recovered from the precipitate by dissociation suspending it in 2 ml of 0.055 m P04 buffer, pH 5.5, with thiocyanate to yield immunospecifically containing 0.3 m NaCI and 0.2 ml of normal serum. Fig. 4 , buffers at pH 5.5 conttaining 0.3 M NaCl were NaCl were eliminated by prestabilizing the Asian 305 chosen for final test cotnditions to minimize the nontvirus with n7ormal serum. See legends of Fig. 1-3 100 ,diters of supernatant from reaction of I ml of Asian 305 virus (1.6 g) with 1.5 ml of immune serum; V, 100 ,uditers of supernatant from reaction of I ml of virus with first supernatant (2.5 ml concentrated to 1.5 ml). reaction was noted between PR8 virus and anti-A2/J170 antiserum, in agreement with the findings of Neurath, Rubin, and Fontes by fluorometric analysis of precipitates (8) . 
DISCUSSION
The general utility of the turbidity method for assaying antiviral antibody is demonstrated in Fig. 1 and 3 for whole antisera, in Fig. 2 for immunospecifically purified antibody, and in Fig. 6 and 7 for immune y-globulins. The nonspecific reaction between the virus and the serum components other than antibody is probably electrostatic in nature, since it is profoundly affected either by changes in ionic strength or in pH (Fig. 4 and 5) . By prestabilizing the virus with normal serum at pH 5.5 and with 0.3 M NaCl before contacting it with the antiserum, the nonspecific reaction was virtually suppressed, whereas the immune reaction was still substantial. Higher salt concentrations (about 1 M) were undesirable because they partially suppressed the immune reaction as well.
Assaying under conditions where the nonspecific reaction is suppressed obviates the necessity for running normal controls. For a system being studied at other than optimal conditions, essentially similar information on the specific reaction can be obtained by measuring, and subtracting from the total AOD, the AOD due to the nonspecific reaction.
The specific nature of the reaction of virus with antibody, as followed by turbidity changes, was confirmed by Fig. 10 and Table 2 which show the absence of nonspecific reactions, by Fig. 7 and 8 which show that the active component was contained in the y-globulin fraction, and by Fig. 9 which shows that the active component was removed from antiserum by precipitation with the corresponding virus.
The sensitivity range for the turbidity method can be estimated from Fig. 1 and 2 . If the assumption is made that the immunospecifically purified antibody assayed in Fig. 2 was all antibody, then 10 Ag of antibody per ml would produce a AOD436 of about 0.01 at 250 sec. This is approximately equivalent to 5 ,uliters of immune serum per ml of reaction mixture; the hemagglutination titer obtained at Cordis Laboratories for this serum was 1:640.
The method of antibody assay presented here depends upon the increase in light scattering occurring when virus particles become aggregated by interaction with antibody. Viral systems are uniquely suited to such a method because of the large size of the virus particle, the large difference in size between the virus and the antibody molecule, and the fact that the aggregation proceeds both at a rate and to a degree convenient for experimental measurement. The quantitation of antigen-antibody reactions by light scattering is usually complicated by the presence of three factors: the unknown distribution of aggregates of different sizes, the interference effects present in the scattering from large particles (1, 5, 7) , and the rapid settling of precipitates. However, the scattering from a reacting system of a large virus and antiviral antibody should possess some particularly simple features. The primary reaction be-tween one or more antibody molecules and a virus particle should not produce any substantial change in scattering because of the large size of the virus. However, the next stage of the reaction in which two virus particles combine through an antibody molecule results in approximately a twofold increase in scattering. An important conclusion to be drawn from these considerations is that the initial rate of increase in scattering (O to ,30 sec) should contain information about the rate of dimer formation (two virus particles and one antibody molecule), and merits further study with fast reaction measurement.
The principal value of this method is that it provides an extremely simple and rapid quantitative measure of antiviral antibody for systems where relatively large quantities of materials are available, a situation likely to become more common now that advanced techniques of zonal centrifugation of viruses are available (C. B. Reimer, Federation Proc., p. 365, 1968). The method should be useful in assays of antisera and purified antibodies and in studies of the effects of specific ions or other environmental variables on virus aggregation and on the immune reaction between virus and antibody (unpublished data).
